CLAIMS 



1 . High-strength steel suitable for making line pipe and pressure vessels, the steel 
characterized by: 

a) a steel composition comprising: 

- at least about 0.01 and no more than about 0.1 %wt. carbon; 

- at least about 0.03 and no more than about 0.12 %wt. niobium; 

- at least about 0.008 and no more than about 0.03 %wt titanium; 

- at least about 1 .4 and no more than about 1 .9 %wt. manganese; 

- at least about 0.1 and no more than about 0.5 %wt. molybdenum; 

- a maximum phosphorus content of about 0.02 %wt; 

- a maximum sulfur content of about 0.015 %wt.; 

- a maximum nitrogen content of about 0.015 %wt; and 

- the balance being iron (Fe) and incidental impurities; 

b) a microstructure comprising about 30% polygonal ferrite and about 70% acicular 
ferrite with an average grain size of no more than about 5 urn; and 

c) precipitates containing niobium with a precipitate particle size of no more than 
about 5 nm. 

2. The steel of claim 1 , wherein the precipitate particle size is at least about 1 nm and 
no more than about 3 nm. 

3. The steel of claim 1 , wherein the steel is characterized by the following physical 
properties: 

a) a yield strength of at least about 85 ksi (586 MPa); 

b) an impact absorbed energy of at least about 160 ft-lbs (217 J) at a temperature 
of minus 23 °C; and 

c) a ductile-to-brittle transition temperature of no more than about minus 60 °C. 

4. The steel of claim 1 , wherein the steel contains at least about 0.015 and no more 
than about 0.02 %wt. titanium 

5. The steel of claim 1 , wherein the steel contains about 0.01 8 %wt. titanium. 
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6. The steel of claim 1 , wherein the sulfur content of the steel is no more than about 
0.015 %wt. 

7. The steel of claim 1 , wherein the sulfur content of the steel is no more than about 
0.01 %wt. 

8. The steel of claim 1 , wherein the phosphorus content of the steel is no more than 
about 0.018 %wt. 

9. The steel of claim 1 , wherein the nitrogen content of the steel is no more than about 
0.015 %wt. 

10. High-strength steel suitable for making line pipe and pressure vessels, the steel 
characterized by: 

a) a steel composition comprising: 

- at least about 0.01 and no more than about 0.1 %wt. carbon; 

- at least about 0.03 and no more than about 0.15 %wt. titanium; 

- at least about 1 .0 and no more than about 1 .9 %wt. manganese; 

- at least about 0.1 and no more than about 0.5 %wt. molybdenum; 

- a maximum phosphorus content of about 0.02 %wt.; 

- a maximum sulfur content of about 0.015 %wt.; 

- a maximum nitrogen content of about 0.005 %wt.; and 

- the balance being iron (Fe) and incidental impurities; 

b) a microstructure comprising about 30% polygonal ferrite and about 70% acicular 
ferrite with an average grain size of no more than about 5 urn; and 

c) precipitates containing titanium with a precipitate particle size of no more than 
about 5 nm. 

1 1 . The steel of claim 1 0, wherein the sulfur content of the steel is no more than about 
0.015 %wt. 

12. The steel of claim 10, wherein the sulfur content of the steel is no more than about 
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0.01 %wt. 



13. The steel of claim 10, wherein the phosphorus content of the steel is no more than 
about 0.01 8 %wt. 

14. High-strength steel suitable for making line pipe and pressure vessels, the steel 
characterized by: 

a) a steel composition comprising: 

- at least about 0.01 and no more than about 0.1 %wt. carbon; 

- at least about 0.03 and no more than about 0.1 5 %wt. titanium, and a maximum 
niobium content of about 0.12 %wt, such that the total combined amount of 
titanium and niobium is at least about 0.03 and no more than about 0.2 %wt.; 

- at least about 1 .0 and no more than about 1 .9 %wt. manganese; 

- at least about 0.1 and no more than about 0.5 %wt. molybdenum; 

- a maximum phosphorus content of about 0.02 %wt; 

- a maximum sulfur content of about 0.015 %wt.; 

- a maximum nitrogen content of about 0.005 %wt.; and 

- the balance being iron (Fe) and incidental impurities; 

b) a microstructure comprising about 30% polygonal ferrite and about 70% acicular 
ferrite with an average grain size of no more than about 5 urn; and 

c) precipitates containing titanium or niobium with a precipitate particle size of no 
more than about 5 nm. 

15. The steel of claim 14, wherein the sulfur content of the steel is no more than about 
0.015 %wt. 

16. The steel of claim 14, wherein the sulfur content of the steel is no more than about 
0.01 %wt. 

17. The steel of claim 14, wherein the phosphorus content of the steel is no more than 
about 0.01 8 %wt. 

18. High-strength steel suitable for making line pipe and pressure vessels, the steel 
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characterized by: 

a) a steel composition comprising: 

- at least about 0.01 and no more than about 0.1 %wt. carbon; 

- a maximum niobium content of about 0.12 %wt. and a maximum vanadium 
content of about 0.12 %wt., such that the total combined amount of niobium and 
vanadium is at least about 0.03 %wt. and no more than about 0.2 %wt; 

- at least about 0.008 and no more than about 0.03 %wt titanium; 

- at least about 1 .0 and no more than about 1 .9 %wt. manganese; 

- at least about 0.1 and no more than about 0.5 %wt. molybdenum; 

- a maximum phosphorus content of about 0.02 %wt; 

- a maximum sulfur content of about 0.015 %wt; 

- a maximum nitrogen content of about 0.01 5 %wt.; and 
-the balance being iron (Fe) and incidental impurities.; 

b) a microstructure comprising about 30% polygonal ferrite and about 70% acicular 
ferrite with an average grain size of not more than about 5 urn; and 

c) precipitates containing vanadium or niobium with a precipitate particle size of no 
more than about 5 nm. 

1 9. The steel of claim 1 8, wherein the sulfur content of the steel is no more than about 
0.015 %wt. 

20. The steel of claim 18, wherein the sulfur content of the steel is no more than about 
0.01 %wt. 

21 . The steel of claim 18, wherein the phosphorus content of the steel is no more than 
about 0.01 8 %wt. 

22. The steel of claim 1 8, wherein the nitrogen content of the steel is no more than about 
0.015 %wt. 



-25- 



